Introduction
Ocemfic flows over sills and through coastline contractions determine the water characteristics at either side of the morphological constriction and have been the focus of numerous investigations. These studies have established a hydraulic exchange two-layer theory that has been described by Farmer and Freeland [ 1983] . Mm•y of the studies on hydraulic exchange have been sumlnarized by McClimans [1990] and by Bwden and Kinder [1991] . Solutions to exchange over a sill have been proposed for steady two-layer [e.g., Storereel and Farmer, 1952, 1953; Armi, 1986 ] and three-layer [Pratt et al., 1999 ] scenarios unaffected by barotropic flow, steady cases influenced by rotation [e.g., plete tidal cycle [Farmer and Armi, 1988; Marsden and Greenwood, 1994] . Those studies have been carried out in systems with large dimensions that complicate the synoptic smnpling and portrayal of exchange flows at differera phases of the tidal cycle. This study, although prelimhlary in nature, was motivated by the shortage of information on tidal variability of flows over sills and contractions and might serve to stimulate additional investigations of this kind. Its objectives are 1) to describe the intratidal variability of flows over a combination of sill/contraction in a natural system, and 2) to assess the observed variability in the context of existing theories. The objectives are pursued with observations of a towed acoustic Doppler current profiler (ADCP) and of conductivity-temperature-depth (CTD) profiles at either side of a sill/contraction combination in a Chileml fjord tlu:oughout one semidium'• tidal cycle. This is the first time that tul ADCP has been used to measure currents in a Chilean fjord. The study area is described next, followed by the data collection and processing teclmiques. Then, a description of the temporal variability of density profiles at either side of the contraction and a comparison of density and sound backscatter profiles is presemed to justify the use of backscatter profiles as proxy for pycnocline variability in space and time. This is followed by a description of the flow and pycnocline variability, corroborated by echo sounder measurements. Assessment of observations in the context of theory is carried out by placing our observations in the context of the Froude number of the undisturbed flow Fo and of the ratio between the height of the sill and the lower layer thickness [Baines, 1995] . In addition, the observations are put into the context of upper and lower layer Froude numbers and also associated to the work of Hibiya et al. [1998] . This manuscript concludes with a summary of the main findings.
Study Area
The sill/contraction combination where this study concentrates is known as Paso Galvarino, a pass connecting the northern and southern portions of Seno Ventisquero, a fjord in southern Chile (Figure 1 ). Seno Ventisquero is oriented at nearly 11 ø m•e mid at its southenunost end is cmmected to Canal Jacaf mid Canal Puyuguapi, both of which lead to the Chilean briand Sea. The Paso Galvarino, also referred to as "the pass," represents a 90% coastline constriction along 1500 in of the fjord. At the pass, the width of the fjord decreases from roughly 2000 m to nearly 200 m. The northern side of the pass is landward or toward the head of the fjord, and the southern side of the pass is toward the mouth of the fjord. The depth changes from 40 m on the landward side of the pass to 8 m at the shallowest portion of the sill mid to 80 in south of the pass. The area of the basin to the north of the pass Y is -107 m 2 and that of the narrowest cross section of the pass A is N2000 in 2 (200 x 10 In).
The fjords in southern Chile, hi general, are characterized by well-defined pycnoclines [Pickard, 1971 ] mid large tidal amplitudes. In the region of Canal Puyuguapi and Seno Ventisquero, there is a number of nongauged freshwater streams and rivers that discharge on either side of Paso Galvarino. The pycnocline is usually shallower than 10 m mid has typical vertical gradients of 2-3 or/to. This pycnocline remains well defined tlu:oughout the fjords despite the forcing by fides, and the horizontal density gradients remain relatively weak [Silva et al., 1995] . Although direct velocity measurelnents hi the area of the Chilean Inlmld Sea are very scarce, the tidal amplitude at the northern entrance to the Chilean briand Sea, around Chacao chinreel, is typically 4 in.
In contrast, in Paso Galvarino, variations of sea level observed on the shorelines during our sampling period suggested a semidiurnal tidal amplitude a of -1 m. The properties of the pass should then yield an amplitude of the tidal currein Uo that equals aYo/A [Stigebrandt, 1977] Owing to the relatively sinall dimensions of Paso Galvarino, its length can be sampled quasi-synoptically (15-20 min). This advantageous sampling situation, combined with the well-established density stratification mid tidal forcing conditions, make the pass an ideal natural laboratory to study the effects of oscillatory barotropic forcing on flows over sills and contractions.
Data Collection
Velocity profiles fitrough the pass were combined with density profiles at either side of the pass mid with highresolution echo sounding records during spring tides of one semidiurnal cycle on January 12, 1998. In addition, across fjord transects were sampled on either side of the pass (Figure 1 ). The purpose of the sampling strategy was to resolve the intratidal variability of the flows tlu:ough the contraction/sill combination and to elucidate the transverse sm•cture of the flows entering and leaving the pass. A total of eight smnplhlg cycles of the trajectory of Figure 1 (white dots) were accomplished during the 12 hours of measurements. The along-pass transect was surveyed 15 times as it was traversed hi both directions during the sampling circuit. In this work, we concentrate only on the flows within the pass, i.e., on the along-fjord transect that was smnpled 15 times and on the CTD stations sampled at either side of the pass. The flow at both sides of the pass exhibited substantial transverse shears and recirculations due to the presence of the constriction.
Velocity profides were obtained with a broadband 600 kHz RD Figures 8d, 8e, 8g, and 8h ), but the flow seemed to remain subcritical everywhere (Figures 8f and 8i) . The magnitude and extent of the internal oscillations suggested that they are important to the biota of the system as they can redistribute dissolved and suspended materials to and from the bottom of the pass with every tidal cycle. In fact, the tidally averaged fields indicated increased vertical mixing wifi•in the pass and the development of a tttree-layer flow that was consistent with the density field generated by vertical mixing.
Assessment of Observations in the

